R R R N N R A A S A S R T AR LR Y Y AT UR WX IR TR WRY AN R WX U R DRI WA SR W WOR L WV A N T TR ERR DO Ko

)
. 2 ciimr APPIP YRR Bm > ' :;::
[EdRT oocumenTATION PAGE 9
"y
AD—A 196 728 CTE To RESTRICTIVE MARKINGS :::.'
A
(@ ITUURII I Mmovs immive e - OUIN o 1 1988 3 OISTRIBUTION: AVAILABILITY OF REPORT :::‘L
T oec,_“s,,‘c”.o,‘,Dowwa&mm Approved for public release; .
distribution unlimited !
4. PERFORMING ORGANIZATION REPORT NUMSE?H 5. MONITORING ORGANIZATION REPORT NUMBER(S) u:l‘
LTy
Final Report !
Sa NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION M
, If applicable) .
Amherst College (1 applic Office of Naval Research X
t
6¢. ADDRESS (City, State, and 2iP Code) 7b. ADDRESS (City, State, and ZiP Code) ) l.:f
s ¢ L]
111 Downey Street 800 North Quincy Street M.
Norwood, MA 02062 Arlington, VA 22217 J '
82. NAME OF FUNDING / SPONSORING 8b OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER T
ORGANIZATION (f applicable) -85-K-01050 h..
Office of Naval Research NO0O14-¢ 1 k{
8¢. ADDRESS (City, State, and 2P Code) 10 SOURCE OF FUNDING NUMBERS '.'..
n PROGRAM PROJECT TASK WORK UNIT !
800 North Cuincy Street ELEMENT NO. | NO. NO. accession no. | 3
Arlington, VA 22217 _ i
By
11, TITLE (Inc/ude Security Classification) . oo N
fincle K ¢u) Surface Enhanced Raman Measurement of the Oxidation :G
Reactions of Gases on Metal Surfaces, ;;
c n &
12. PERSO.7.L AUTHOR(S
" G Paul B, Dorain . . (s
13a. TYPE OF REPORT 13b TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [1S. PAGE COUNT vy
Fiey Repart om0 0188 02/29/88 ™ 4™ o X
16. SUPPLEMENTARY NOTATION ] X
-
1
17 COSATI CODES 418 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) e
FIELD GROUP SUB-GRQUF Key words:"\s“rface Enhanced Raman Scattering (SERS), Silver, y
_ Phosphonates,Oxide layer, Protonation, ! ~
Microclusters, Phosphates, Reaction Kinetics, electrochemistgy, -

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

Ry B~
VA
Y ;
This program applied the technique of Surface Enhanced Raman Scattering to )
study the decomposition of organophosphonates on metal surfaces (micro- E'
; strctures) towards the goal of effective decontamination. Reaction kinetics .
were studied, the product distributions were observed. Outgrowths of this o
research are s;ugies of corrosion and passivation of Ag by the reactions of the e,
oxyanions CrO, " and MnofP in electrochemical cells which resulted from research ¥
into the adsorption properties of protonated phosphates.fhro;i oL )
H ) I'-
s
g4
20 DSTRIBUTION/AVAILABILITY OF ABSTRACY 21, ABSTRACT SECURITY CLASSIFICATION o
& unvcrassisieorunLMiTED [ SAME AS RPT. [ DTiC USERS UNCLASSIFIED K'Y,
723 NaME OF RESFON5.BLE INDIVIDUAL 225 TELEPHONEF (Include Ared Code) | 22¢ OFFICE SYMAOL
Dr. Harold €. Guard 202-696-4409 NOOO14 o
PO FORM 1473, 84 man 8] APR edition may be used until exhausted SECURITY CLASSIFICATION Of THIS PAGE c:",
All other editions are obsoletg R V.8 Govvrnmunt Printing Otien: 1980—~487 406 ‘ i
UNCLASSIFIED 5
“

" . - .~ L) LR WoaN LY Y LY NP P P ORI
ROQONGI OIS CTORODAOAIEN S IR0 MM SO DS IO N B W ONST Tt e SN o 5 X A0,

'.’Ju ,.u.!’l ...l... ' !



NG EAT R AR RN RS XN R AT R A U G RO RS W XN TN at fag. R I R IO AR AR X RN A KA RN Sal talh Vol gl aut ol Va8 ¢,

“@ . N

WIS

w ;

N t

: z 1

4 t

# i

A A

)

b REPORT 9 )

;l

o

" SURFACE ENHANCED RAMAN MEASUREMENT OF THE OXIDATION )

3 REACTIONS OF GASES ON METAL SURFACES !

L/

!. :
(

x

-
)
-

Professor Paul B. Dorain, Principal Investigator

)

'
1
ék Chemistry Department
W% 3y
a Amherst College y
> Amherst MA. 01002
V
y
¢
s ¥
4 May, 1988
Py 3
b0
§. FINAL REPORT FOR PERIOD 1 MARCH 1986 - 29 FEBRUARY 1988 f
CONTRACT NO. NOOO14-85-K-01050 g
. t
o Prepared for
>
Y ‘
" OFFICE OF NAVAL RESEARCH )
' Department of the Navy
e 800 North Quincy Street
‘s Arlington, Virginia 22217 g
‘ §
AR
i
" Approved for Public Release - Distribution Unlimited
l.‘ (
r Reproduction in whole or in part is permitted for '
iy any purpose of the United States Government )
.
K
o 3
A) ‘
. ‘
A
AN .
2 '
&
5.
\}

2T W RA . Lk ’ A ncH AR T LTy AT P T W
RS T R N T LA KO A AZIN Al 2 Lo OIS B G I WSO WA St J 4 Nt




-

20 A ) W L, ‘l.t’\."nl’u.t‘o'.l'o i'n.\'i ot o.. s, ~. \J'h"ﬂ (0 \l‘l,‘.i. l‘t. by, o 'l\"o."o.“u v?l D ‘!!\'c 'c.l'- Wby, -‘.‘t'!'t‘

"'

b

:::4

K

A. The Research Results ’
]

(]

The focus of the research, carried out under funding from Contract N00Ol4- Q
85-K-01050, was to examine the ability of metal surfaces, principally Ag metal, 1

to catalyze the decomposition of phosphonates. The development of Surface :;

Enhanced Raman Scattering (SERS) in the early 1980's indicated that it would be
an effective probe of surface chemical reactions since the SERS effect on Ag
metal microstructures was shown to be sensitive to less than monolayer coverage ¢
of the surface.

Simultaneous with the discovery of SERS, new multichannel linear diode é%
array detectors were being developed which, when used with microchannel plates, Q?
facilitated a Raman instrumental system extraordinarly effective in reducing »
scan times (integration time) from over 30 minutes to less than ls. Thus, this '3
instrument was a very powerful probe of quasi real-time surface kinetics. ,ﬁ

(X

Given the state of these developments, the surface decomposition of ﬁ
phosphonates (dimethyl-methyl, diethyl-ethyl, dibutyl-butyl and dihexyl-hexyl !
phosphonate) was examined at room temperature. Despite preliminary data to the ]
contrary, only a slow decompositon of any of there species was observed. Yet it ol

was well documented that clean Ag metal surfaces exposed to O; gas formed a very f
strongly basic surface which was capable of abstracting H even from -CHj groups if
in many organic compounds. The apparent slowness of the reactions with ;
phosphonate was postulated to be due to the lack of clean oxide covered surfaces -
with Ag metal substate which had SERS active and catalytically active Ag micro-

structures. A
A program was embarked upon to generate chemically, a matrix of fresh Ag (5
microstructures (Technical Report 1) by reacting NOj/N70, gas with Ag metal ,ﬁ
powders. The initially formed surface of AgNO; autocatalytically decomposed to W
make AgNO3, NO and Ag,, where Ag, represents Ag microstructures which are
extremely reactive chemically, (Technical Reports 5 and 6). With acidic organic %
gaseous componds such as CyHy and CH3C=CH, the decomposition reactions are W,
extremely rapid even at room temperature with both compounds suffering hydrogen e,
abstraction and the formaton of an overlayer of graphitic carbon on the Ag metal %
surface. Subsequent pulses of the acetylene do not cause much change because :
this overlayer prevents contact with the Ag. )
The reactive matrix of Ag microstructures imbedded in AgNOj is less .g
effective in destroying phosphonates. Nevertheless, the reactions are quite »
similar in that the end products are graphitic carbon and some adhered -CH !
fragments as evidenced by a peak at ~3000cm™1. The carbon overlayer is - Q
removeable only with extensive heating, (Technical Report 7). In any event, the
use of Ag metal micorstructures to cause decomposition of phoshonates is L N
ineffective, not because of the lack of inital reactivity, but because of the - N
rapid formation of a non-reactive C overlayer. a k‘
g
One of the unknowns in the decomposition of phosphonates on Ag metal is the N
fate of the P-containing fragments. It was presumed that phosphates would be e ey
evidenced, but no SERS spectrum was observed containing peaks that could be o ™,
identified as protonated phosphates. Nevertheless, this research effort has led fe3es “2
.. endjfor ::::
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to several very exciting and important chemical results which occur with
tetrahedral oxyanions adsorbed on Ag metal surfaces.

Initially, c:oa' was used in place of phosphate ions in a study of

adsorption on a Ag metal electrode in an electrolytic solution. After an y,

initial oxidaton-reduction cycle using standard voltammetry techniques, a broad L
, peak at about 570 Cm~! was observed durlng a cathodic (negative sweep). Since :
: this peak was not due to adsorbed CrOA , we decided to use other oxidants to 2

identify this strong peak. Upon replacement of Cr04 with MnO4~ in micromolar
i quantities, a similar peak was observed. During the cathodic sweep additional )
! success1ve SERS peaks were observed which could be identified on adsorbed oxide jﬁ
N (~600cm™1), hydroxide (-~ 500cm-1 ), water (~400cm™ ly and a water polymer (~460cm™ \
; 1y, Thus, for the first time, the protonation of a surface oxide layer to form f
! adsorbed OH™, H0 and H302% was observed in a reversible sequence of steps. i

(Technical Reports 2,3,8). x

These results are extremely promising as affording a route to the direct
elucidation of the electrochemical processes of corrosion and passivation. For o

: instance, if O gas is added to an electrolytic solution containing MnO,~ and a s

¥ Ag electrode biased at a voltage at which H,0 is adsorbed on the surface, the bt
hydrogen atoms are observed to be removed one at a time until the surface is ;
covered with a oxide layer (Technical Report 3). This process is completely 4
reversible. In contrast, Cr04’ containing electrolytes form only adsorbed a

) hydroxide on Ag metal surfaces. This hydroxide may be deprotonated with Oy gas q

K also (Technical Report 8) Since a common passivation technique for metals is b

B to treat them with CrO,” solutlons, it seems clear that the passivation process o
is related to the inability of Cr04 treated surfaces to protonate completely to

' form a HypO covered surface. Future work will be necessary to examine these and X
other systems to determine the mechanisms of proton and electron transfer on Ag \

and other metals.

It is well known that metal surface potentials may be modified by the
incorporation of impurity ions, especially the alkalis. In catalysis, the

' efficacy is evidenced by either poisoning or enhancing the reaction kinetics. &
{ In corrosion, the effects are apparent from the rate of chemical reaction. W
[ Spectroscopically, the effects are observed by a modification of adsorbates . g
3 vibrational frequencies or by the formation of other chemical adsorbates. We 4
; have shown that the latter is prevalent in Mg+2 containing solutions of a MnQ4~ by
electrolyte. 1In this case, the Mg+2 incorporated into the surface modifies

' the surface so that hydroxides ions adsorbed on the surface are observed which .

' differ in their spatial distribution. (Technical Report 4) Presumably, rates %
; ) of metal corrosion can be modified by impurity implantation techniques which o
W modify ti.e surface potentials in a yet to be determined manner. '

B. Technical Reports

1. (U) The Reactons of NOz/N204 with Ag: A Surface Enhanced Raman Scattering W
' and Ellipsometric Measurement,

(U) The Observation with Surface-Enhanced Raman Scattering of the
Sequential Electrochemical Formation of Adsorbed 02', OH™, and H90 on

a Ag Electrode.
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3. (U) Molecular Precursors to the formation of Hy and the Reduction of 0) 4.
Ag Cathode: A Surface-Enhanced Raman Scattering Experiment.

4. (U) Surface Enhanced Raman Scattering from OH™ Absorbed on a Ag Electrode
in Dilute Mg*2 Electrolytes.

5. (U) The Reactons of CyHy and CH3CoH on Ag Powder

6. (U) The Application of SERS to Study Surface Oxidation Reactions of
Phosphonates.

7. (U) Surface Enhanced Raman Scattering Applied to Surface Chemical
Kinetics.

8. (U) The Formation of Adsorbed 02~, and OH™ on a Ag Electrode in Dilute
Cr0,” Electrolytes.
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